Transgenerational response to stress in plants and its application for breeding.
A growing number of reports indicate that plants possess the ability to maintain a memory of stress exposure throughout their ontogenesis and even transmit it faithfully to the following generation. Some of the features of transgenerational memory include elevated genome instability, a higher tolerance to stress experienced by parents, and a cross-tolerance. Although the underlying molecular mechanisms of this phenomenon are not clear, a likely contributing factor is the absence of full-scale reprogramming of the epigenetic landscape during gametogenesis; therefore, epigenetic marks can occasionally escape the reprogramming process and can be passed on to the progeny. To date, it is not entirely clear which part of the epigenetic landscape is more likely to escape the reprogramming events, and whether such a process is random or directed and sequence specific. The identification of specific epigenetic marks associated with specific stressors would allow generation of stress-tolerant plants through the recently discovered techniques for precision epigenome engineering. The engineered DNA-binding domains (e.g. ZF, TALE, and dCas9) fused to particular chromatin modifiers would make it possible to target epigenetic modifications to the selected loci, probably allowing stress tolerance to be achieved in the progeny. This approach, termed epigenetic breeding, along with other methods has great potential to be used for both the assessment of the propagation of epigenetic marks across generations and trait improvement in plants. In this communication, we provide a short overview of recent reports demonstrating a transgenerational response to stress in plants, and discuss the underlying potential molecular mechanisms of this phenomenon and its use for plant biotechnology applications.